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(57) Abstract 

A brushless motor comprises a stator (3) with an 
annature coil (11) wound on it, a rotor (5) capable of rotating 
inside or outside the stator (3), a ring magnet (24) and a sensor 
unit (25) which detect the position of the rotor, a motor driver 
(31) for eneigiang the annature coil (11) so Oiat a rotating 
magnetic field may appear according to die rotor position. 
The rotor (S) comprises a field m^et that includes a 
plurality of permanent magnets (9) magnetized to the same 
pole and a plurality of control poles (10) of magnetic material 
interposed between the permanent magnets (9). The stator 
(3) is provided wWi a field coil (13) that forms a closed 
m^netic circuit pasang through the control poles (10). The 
characteristics of the motor are controlled without sacrificing 
motor efficiency hy controlling the direction and amomit of 
current for raer^dng the field coil (13). 
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BRUSHLESS MOTOR 



Field of the Invention 
The present invention relates to a motor capable of 
changing characteristics thereof, and particularly to a 
technique effectively applicable to a brushless motor - 



Conventionally, in order to make current and/or 
commutation flow to an armature coil in a non-contact state by 
using semiconductor devices, a brushless motor is constructed 
such that an armature is used as a stator and a field magneton 
is used as a rotor. A magnet or electromagnet has been used 
as thefieldmagneton. However, thef ieldmagnetonusingamagnet 
has been mainly used because there is a need of making current 
and/or commutation flow in a non-contact state. 

Fig. 9 is a view to explain a configuration of the above 
conventional brushless motor. An apparatus shown in Fig. 9 is 
a so-called outer-rotor type brushless motor. The brushless 
motor includes a stator 102 fixed to an end bracket 101, and 
a rotor 104 which is rotatably arranged over an outer periphery 
of a stator core 103 of the stator 102. The rotor 104 includes 
a bottomed cylindrical yoke 106 fixed to a rotor shaft 105, and 
magnets 107 arranged on an inner periphery of the yoke 106 . These 
magnets 107 face the outer periphery of the stator core 103 via 
a predetermined air gap. 

Further, the rotor 104 is provided with a sensor rotor 



Description of the Related Art 
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unit 108 for detecting rotational positions thereof . In general , 
the sensor rotor unit 108 is constituted such that a ring magnet 
110 is fixed to a sensor rotor 109 formed of non -magnetic materials 
(substances) such as aluminum, synthetic resin or the like. 
Contrary to this, a sensor unit 111 using Hall element or the 
like is provided at a position facing the ring magnet 110 in 
a side of the end bracket 101. In this case, the ring magnet 
110 is magnetized up to the same number of (magnetic) poles as 
the magnets 107 of the rotor 104. Therefore, pole change in 
the ring magnet 110 is detected by the sensor unit 111, and thereby 
it is possible to know rotational positions of the rotor 104 
rotating in a manner synchronous therewith . 

On the other hand , a three-phase Y-connection motor winding 
( armature coil ) 112iswoundaroundthestatorcorel03- Currents 
flow in each phase of the motor winding 112 in accordance with 
signals transmitted from the sensor unit 111 such that a rotating 
magnetic field is successively created from a driver circuit 
(not shown). By doing so, the rotor 104 is rotated over the 
periphery of the stator 102, and thereby the rotor shaft 105 
is operated by rotation. 

In this case, when a magnet is used as a magnetic field 
means, an effective magnetic flux is fixed in a magnetic circuit 
under the motor design . For this reason , motor characteristics 
are also specified at one kind in specifications of one winding 
in the case where a voltage is constant. Fig. 10 is a diagram 
showing characteristics of conventional brushless motor, and 
shows one example of characteristics of the case where a 
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power- supply (source) voltage is 12V. 

In Fig. 10, T means a motor torque, and N means the number 
of motor revolutions. As shown in Fig. 10, in the conventional 
brushless motor, if a voltage is kept constant, the torque and 
the number of revolution are uniquely determined. Thus, in the 
case of manufacturing appliances using the brushless motor, an 
operating point based on the above characteristics is determined . 

In the case where the motor is used in a constant load 
state , there arises no problem even if the motor characteristics 
are fixed. However, in the case where the motor is effectively 
used under such a utilizing condition that the load state changes , 
there arise some disadvantage cases if the motor characteristics 
have been fixed. 

For example, in a motor used for a small size electric 
vehicle, if it is assumed that the electric vehicle has no 
transmission for simplification, a "low-rotation and 
high- torque" type is desired as a motor characteristic at start 
and at ascent drive. However, since the upper limit of rotational 
speed is low under the type, the maximum speed is restricted 
low. On the other hand, if the winding specifications are varied 
to become a "high -rot at ion and low-torque" type, then this time 
ability to climbing ascents is reduced, current consumption 
required in start and in ascent drive increases. Further, 
current consumption in starting and hill climbing becomes much. 
That is, by a single motor, it is extremely difficult to 
simultaneously realize the above two motor characteristics under 
the condition of constant voltage and the same winding 
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specifications. Further, in the case where the current, the 
torque and the number of revolution are not matched with 
appliances, there arises a requirement for establishing such 
a system that objects of the torque and the number of revolution 
are obtained by using not a single motor but a reduction gear 
or the like. 

In recent years, a technique named a "weak field" has 
appeared, which has effects comparatively similar to the above 
both characteristics .\ According to the technique, motor 
advances are electronically changed to realize variable 
characteristics. For example, in the case of a high-rotation 
and low- torque motor, angles of advance thereof are made large 
to change the motor characteristics. However, in this case, 
although the motor characteristics are certainly changed in a 
direction required for attaining the object, there is arises 
a problem of reduction of motor efficiency at the same time. 
Further, since providing a means for electronically changing 
the motor advance is needed, there arises a problem of high cost 
thereof . 

On the other hand. In a brushless motor having field 
windings and using an electromagnet as a filed means , current 
application to field winding is controlled, and thereby, motor 
characteristics can be changed by controlling amounts of current 
flowing in the field windings. Therefore, the problem as 
described above is not so significant as a problem arising in 
the motor using a magnet as a field means. However, since all 
energies required for creating magnetic field depend upon a power 
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supply, an occupation ratio of power required for the field 
magnetic out of input energies becomes great. Therefore, there 
arises a problem of reduction of the motor efficiency. In 
particular, influence thereof remarkably appears in a weak output 
motor, so that improvement thereof has been desired. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to 
provide a brushless motor that can change characteristics thereof 
without reducing a motor efficiency. 

In order to achieve the above-mentioned object , a brushless 
motor of the present invention, having a stator around which 
an armature coil is wound; a rotor rotatably arranged inside 
or outside said stator; a rotor position detecting means for 
detecting a position of said rotor; and a current control means 
for making a current flowing into said armature coil such that 
a rotating magnetic field is formed between said armature coil 
and said rotor in accordance with a detected result of said rotor 
position detecting means, is characterized by a field magneton 
including a plurality of permanent magnets provided in said rotor 
and magnetized at the same pole, and a plurality of control poles 
made of a magnetic material and arranged between said permanent 
magnets; a field coil forming a closed magnetic path passing 
through said control poles ; and a motor characteristic control 
means for changing a motor characteristic by controlling at least 
one of a direction and an amount of current flowing into said 
field coil, by changing a magnetic flux that said field coil 
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generates , andbycontrolllnganeffectivemagneticf lux affected 
between said rotor and said stator. 

Further, another brushless motor of the present invention, 
having a stator constituted such that an armature coil is wound 
around a stator core having a gap at a central portion thereof; 
a rotor made of a magnetic material and including a bottomed 
cylindrical yoke rotatably arranged outside said stator; a rotor 
position detecting means for detecting a position of said rotor; 
and a current control means for making a current flowing into 
said armature coil such that a rotating magnetic field is formed 
between said armature coil and said rotor in accordance with 
a detected result of said rotor position detecting means, is 
characterized by a field magneton including a plurality of 
permanent magnets provided in said rotor and magnetized at the 
same pole, and a plurality of control poles made of a magnetic 
material and arranged between said permanent magnets; a boss 
rotor made of a magnetic material , provided at the central portion 
of said rotor to project along an axial direction thereof , and 
arranged in said gap of said stator so as to have an air gap 
between said stator and the boss rotor; a field coil arranged 
in said stator so as to face a bottom portion of said yoke in 
a state of being wound in a surrounding direction of said boss 
rotor, and forming a closed magnetic path passing through said 
boss rotor, said yoke, said control poles and said stator core; 
and a motor characteristic control means for changing a motor 
characteristic by controlling at least one of a direction and 
an amount of current flowing into said field coil, by changing 
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a magnetic flux that said field coil generates , and by controlling 
an effective magnetic flux affected between said rotor and said 
stater. 

Further, another brushless motor of the present invention, 
having a stator including a s tat or core around which an armature 
coil is wound, and a bracket which holds said stator core and 
is made of a magnet ic material ; a rotor made of a magnetic material 
and including a rotor core rotatably arranged inside said stator ; 
a rotor position detecting means for detecting a position of 
said rotor; and a current control means for making a current 
flowing into said armature coil such that a rotating magnetic 
field is formed between said armature coil and said rotor in 
accordance with a detected result of said rotor position 
detecting means , is characterized by a field magneton including 
a plurality of permanent magnets provided in said rotor and 
magnetized at the same pole, and a plurality of control poles 
made of a magnetic material and arranged between said permanent 
magnets ; a magnetic path forming member made of a magnetic 
material, projected from said rotor core along a diametrical 
direction thereof, and arranged so as to have an air gap in the 
space of the stator with a gap between the stator and the magnetic 
path forming member; a field coil arranged in a side of said 
stator in a state of being wound in a surrounding direction of 
said rotor core, and forming a closed magnetic path passing 
through said rotor core, said control poles, said stator core, 
said bracket and said magnetic path forming member; and a motor 
characteristic control means for changing a motor characteristic 
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by controlling at least one of a direction and an amount of current 
flowing into said field coil, by changing a magnetic flux that 
said field coil generates, and by controlling an effective 
magnetic flux affected between said rotor and said stator. 

By the above-mentioned constitution, in the motor 
according to the present invention, it is possible to control 
widely characteristics thereof by controlling field current 
without changing winding specifications thereof under the same 
source supply voltage. Therefore, one motor can be used as a 
low-rotation and high-torque type or a high-rotation and low- 
torque type and, further, it is possible to achieve 
miniaturization of the motor, reduction of current consumption, 
improvement of degree of freedom in design, and the like. 

The above and other objects and novel features will be 
more apparent from the following description of the present 
specification and the accompanying drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is a front sectional view showing principal parts 
of abrushlessmotor that is Embodiment lof the present invention. 

Fig. 2 is an explanatory view showing schematically an 
arrangement state of a rotor and a stator of the brushless motor 
shown in Fig . 1 . 

Fig. 3 is a diagram showing one example of motor 
characteristics of the brushless motor shown in Fig. 1. 

Fig. 4 is a front sectional view showing principal parts 
of a brushless motor that is Embodiment 2 of the present invention . 
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Fig. 5 is an explanatory view showing schematically an 
arrangement state of a rotor and a stator of the brushless motor 
shown in Fig. 4. 

Fig. 6 is a diagram showing one example of motor 
characteristics of the brushless motor shown in Fig. 4 , and shows 
a relation between motor current, number of revolution, and 
output . 

Fig. 7 is a diagram showing one example of motor 
characteristics of the brushless motor shown in Fig . 4 , and shows 
a relation between motor current, number of revolution, and 
torque . 

Fig. 8 is anexplanatory view showing mot or characteristics 
of the case where the brushless motor of the present invention 
is used as a starter motor for two-wheeled vehicle engine. 

Fig. 9 is an explanatory view showing a constitution of 
a conventional brushless motor. 

Fig. 10 is a diagram showing characteristics of the 
conventional brushless motor, and shows one example of 
characteristics of the case where a source supply voltage is 
12V. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
Embodiments of the present invention will be in detail 

described below with reference to the accompanying drawings. 

(Embodiment 1) 

A first embodiment of the present invention will be in 

detail described below with reference to the accompanying 
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drawings . 

Fig. 1 is a front sectional view showing principal main 
sections of a brushless motor (hereinafter, referred simply to 
as a motor) that is Embodiment 1 of the present invention. Fig. 
2 is an explanatory view schematically showing an arrangement 
state of a rotor and a stator in the brushless motor shown in 
Fig. 1. 

A motor according to the present invention has a 
configuration of employing a hybrid magnetic field system in 
which permanent magnets used as field magnetons and control poles 
excited by field coils are arranged. By controlling directions 
and amounts of current flowing into the field coils, 
characteristics of each motor can be variously changed even if 
motors are operated in the same source supply voltages and/ or 
eire formed of the same winding specifications . 

The motor of Embodiment 1 is constituted as a so-called 
outer rotor type brushless motor, as shown in Fig. 1. That is, 
the motor has a configuration in which a stator 3 and a rotor 

5 are arranged in a front bracket 1 and an end bracket 2 . The 
stator 3 is fixed to the end bracket 2 , and the rotor 5 is rotatably 
provided over an outer periphery of a stator core 4 of the stator 
3. 

The rotor 5 includes a boss rotor 7 fixed to a rotor shaft 

6 functioning as an output shaft, and a bottomed cylindrical 
yoke 8 attached to the boss rotor 7. The rotor shaft 6 and the 
yoke 8 are both formed of magnetic materials such as iron or 
the like. On an inner peripheral of the yoke 8, a plurality 
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of magnets (permanent magnets) 9 is arranged along a 
circumferential direction thereof at predetermined intervals 
in the same pole magnetized state, for example, such that each 
N pole thereof comes in a side of an inner periphery thereof. 
Further, in the motor, a plurality of control poles 10 formed 
of magnetic materials is arranged between the magnets 9 along 
the circumferential direction, respectively. Each counter pole 
(S pole) of the magnet 9 is constituted by each of the control 
poles 10. Namely, in the motor, the magnet 9 and the control 
poles 10 form a field magneton. 

Therefore, in the motor, in order to use the control poles 
10, it is possible to reduce the using number of magnets 9, and 
to achieve much lower costs in comparison with all-magnet type 
motors. On the other hand, in comparison with all-field coil 
type motors, the motor having high efficiency can be realized, 
particularly, in small output motors, because the magnets take 
charge of amounts corresponding to field input thereof . 

The stator 3 is constituted such that an armature coil 

11 is wound around the stator core 4 in a three-phase Y- connection 
state, and is formed in a donut shape as a whole. Further, the 
stator 3 is arranged in the brackets 1 and 2 to be concentric 
with the rotor 5, and is fastened to the end bracket 2 by bolts 

12 . The armature coil 11 is connected to a motor driver ( current 
control means) 31 by lead wires (not shown) . In each phase of 
the armature coil 11, current flows such that rotating magnetic 
fields are successively formed between the stator 3 and the rotor 
5 in accordance with a signal from a sensor unit described in 
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detail below. 

The stator 3 is provided with a gap portion 3a in an inner 
peripheral surface side thereof, and the boss rotor 7 of the 
rotor 5 is inserted therein in such a state that an air gap is 
formed between the inner peripheral surface of the stator 3 and 
the boss rotor 7. The outer peripheral surface of the stator 
3 faces respective inner peripheral surfaces of a group of the 
magnets 9 and the control poles 10 of the rotor 5 via a 
predetermined air gap. That is, the rotor 5 is fixed to the 
rotor shaft 6 in such a state that the boss rotor 7 placed at 
a center portion thereof is inserted into a center portion of 
the stator 3. The rotor 5 is constituted such that the group 
of the magnets 9 and the control poles 10 can be rotated around 
the outer periphery of the stator 3. 

The stator 3 is provided with a field coil 13 so as to 
surround the boss rotor 7 at an end face opposite to a bottom 
wall of the yoke 8. The field coil 13 is wound around a bobbin 
which is formed of non -magnetic materials such as resin or of 
magnetic materials such as iron or the like. In this case, a 
magnetic flux generated by the field coil 13 concentrates on 
the control poles 10 having a low magnetic resistance rather 
than the magnet 9 having a low permeability. For this reason, 
by flowing current, the field coil 13 forms a closed magnetic 
path composed of the boss rotor 7 the yoke 8 ^ each control 
pole 10 the stator core 4 the boss rotor 7. 

That is, in the motor, a loop shown by 0f in Fig. 1 is 
formed by the field coil 13. Further, a magnetic loop shown 
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by <i)n in Fig. 2 is formed by the magnets 9. The above loops 
thus formed do not basically interfere with each other because 
each loop surface thereof is perpendicular to each other. 
However, because of a relation between respective permeances 
of elements of the magnetic path, the control poles 10 and the 
stator core 4 facing thereto forma joinedmagnetic path . Namely , 
an effective magnetic flux affecting to the armature coil 11 
is amagnetic flux combining a magnetic flux induced by the magnets 
9 and a magnetic flux induced by the field coil 13, with each 
other . 

In the motor of the present invention, by changing 
directions and amounts of current flowing into the field coil 
13 and an amount of current, directions and amounts of magnetic 
flux generated therein are changed, and further. Therefore, 
directions and amounts of magnetic flux conducted through 
combining portions of both the magnetic paths are changed . And , 
this changes an effective magnetic flux between the rotor 5 and 
the stator 3, and, thereby, properly controls characteristics 
of the motor. 

The field coil 13 is wound around a coil bobbin 14. The 
coil bobbin 14 is attached to the stator 3 by bolts 12. In this 
case , the stator core 4 of the stator 3 is provided with a plurality 
of bolt insertion holes 15, each of which is spaced in the 
circumferential direction thereof so as to axially pass through. 
On the other hand, a plurality of nut portions 16 are provided 
so as to correspond to the bolt insertion holes 15 at a right-hand 
end face of the coil bobbin 14 of the field coil 13 as shown 
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in Fig. 1. The bolts 12 are inserted into the bolt insertion 
holes 15 from the outside of the end bracket 2 and then are screwed 
into each nut portion 16 . Thereby, the field coil 13 is fastened 
to the end bracket 2 together with the stator 3. 

A feeder section 17 is provided at a part of the coil bobbin 
14 of the field coil 13. The feeder section 17 has a rod- like 
holder 18 formed of a resin with insulative properties, and a 
male terminal member 19 electrically connected to the field coil 
13. The male terminal member 19 is axially inserted into and 
held in the holder 18. By inserting the holder 18 into a feeder 
section insertion hole 20 formed in the stator core A. the male 
terminal member 19 is drawn in a side of the end bracket 2 in 
the stator 3 , and is electrically connected to a female terminal 
member 2 1 therein . The female terminal member 2 1 is electrically 
connected to a field coil control section 32 functioning as a 
motor characteristic control means. 

Thus, amounts of current flowing into the field coil 13 
is controlled by the field coil control section 32 via the 
respective terminal members 19 and 21. By controlling the 
flowing amounts of current, the above-mentioned magnetic flux 
created by the field coil 13 changes and the excitation state 
of each control pole 10 changes. Therefore, an effective 
magnetic flux between the rotor 5 and the stator 3 is controlled. 

Further, the rotor 5 is provided with a sensor rotor unit 
22 for detecting rotational positions thereof . The sensor rotor 
unit 22 is constituted such that ring magnets 24 are attached 
to a sensor rotor 23 made of aluminum. The ring magnets 24 are 

14 



magnetized to the same number of magnetic poles as the magnets 
9 of the rotor 5. On the other hand. In the side of the end 
bracket 2, a sensor unit 25 using Hall element Is provided on 
a position facing the ring magnets 24. The sensor unit 25 detects 
change In respective magnetic poles of the ring magnets 24, and 
thereby it Is possible to detect rotational positions of the 
rotor 5 rotating together with the ring magnets 24. 

Subsequently, an explanation will be made of 
characteristics of the motor shown In Fig. 1. First, in the 
case of driving the motor, a driving signal Is transmitted to 
the armature coll 11 of the stator 3 from the motor driver 31. 
Then, the rotor 5 is rotated by an interaction between a rotating 
magnetic field created by current flowing into this armature 
coll 11 and a magnetic field generated by a group of the magnets 
9 and the control poles 10 of the rotor 5 . In this case , positions 
of the rotating rotor 5 are hourly measured by detecting positions 
of the ring magnets 24 by the sensor unit 25 . Since the detected 
Information is transmitted to the motor driver 31, the motor 
driver 31 continuously and stably can rotate the rotor 5. 

Then, in the above-mentioned motor, by controlling 
directions and amounts of current flowing into the field coil 
13, the characteristics of the motor can be properly changed. 
Fig. 3 is a diagram showing one example of characteristics of 
the motor shown in Fig. 1. In Fig. 3, a reference numeral If 
denotes a value of current flowing in the field coil 13. Sign 
thereof means respective excited directions of the control poles 
10. Plus sign {+) means that field current flows in such a 
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direction as to have a pole different from each pole of the magnets 
9 by the control poles 10 . Minus sign ( - ) means that field current 
flows in such a direction as to have the same pole as each pole 
of the magnets 9 by the control poles 10. 

As shown in Fig . 3 , in the motor , the motor characteristics 
can be continuously changed between "low- rotation and 
high-torque type" and "high-rotation and low- torque type". 
Namely, it is possible that the present invention utilize means 
in which the motor is started up in a state of If = 2 ( A) at start-up 
and gains a torque, and which the motor is shifted to a state 
of If = 0 to -2(A) after the start-up and gains the number of 
revolution thereof. 

In this case, when Ip = 0, a pole opposite to a magnetic 
pole of each magnet 9 appears in each control pole 10. The N 
and S poles as a magnetic flux source using only magnets 9 are 
alternately arranged on the inner peripheral side of the rotor 
5 . Then , the above-mentionedmagnetic loop conducted by each 
magnet 9 affects the armature coil 11. On the contrary, when 
If = 2(A), current flows into the field coil 13 such that the 
control poles 10 lead to a state having a magnetic pole different 
from the pole of the magnets 9. Then, the N and S poles formed 
by overlap of magnetic fluxes conducted from the magnets 9 and 
the field coil 13 are alternately arranged on the inner peripheral 
side of the rotor 5 . Thus , the effective magnetic flux affecting 
the armature coil 11 increases , and current flows into the motor 
in such a state that the effective magnetic flux is much, so 
that the generated torque increases. Accordingly, in the case 
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where a great torque is required at start-up, it is possible 
to operate the motor in a state capable of generating a desired 
torque . 

On the other hand, if a flowing direction of If is changed, 
a direction of magnetic flux passing through the control poles 
10 is inverted. In the control poles 10, as described above, 
the magnetic fluxes from the magnets 9 and from the field coil 
13 are combined with each other. Thus, when the amounts of 
magnetic flux conducted by the field coil 13 exceed the amounts 
of magnetic flux conducted by the magnets 9 , the control poles 
10 and the magnets 9 exhibit the same polarity. 

For this reason, when If = -2(A), the control poles 10 
become the same magnetic pole state as the magnets 9 , and one 
pole having different strength is arranged on the inner 
peripheral side of the rotor 5. Therefore, the effective 
magnetic flux decreases, and current flows into the motor in 
such a state that the effective magnetic flux is little, and 
the generated torque is reduced. By this, it is possible to 
achieve an operation preceding the number of revolution rather 
than the torque and to thereby realize a high rotating operation 
not capable of being attained in the lower -rotation and 
high- torque type motor. 

As described above, in the above-mentioned motor, if it 
is assumed that a motor characteristic is a basis thereof at 
zero (If = 0) of the field current, then it is possible to widely 
control the motor characteristic in accordance with flowing 
directions and strengths of the field current slightly applied 
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to the field coll 13. 

Now, as a load to the motor shown in Fig. 1, for example, 
a torque of 15 kgf • cm is required at start-up , and it is preferable 
that a torque value is 5 kgf • cm or more after the start-up. 
However, it is assiimed that there is a torque requiring the 
revolutionary number of 3000 rpm. In this case, when the motor 
is started up by applying a current of Ip = 2(A) to the field 
coil 13, it can be seen from Fig. 3 that a required torque is 
obtained without applying a current of 20(A) to the armature 
coil 11. However, if the motor is started up by using only the 
magnets 9 without using the control poles 10, as seen from Fig. 
3 , then a motor current of about 25(A) is required from the diagram 
of If = 0(A) shown in Fig. 3. Namely, by the interaction between 
the field coil 13 and the control poles 10, a current of 3(A) 
is reduced even if current required for the field coil 13 is 
considered. 

Next, after the motor is started up, even if the number 
of revolution is increased up to 3000 rpm, then this can not 
be achieved when the current value is If = 2 ( A ) . For this reason , 
if a direction of current flowing into the field coil 13 is inverted 
to have a current of If = -2(A), then it can be seen that the 
revolutionary number of 3000 rpm is obtained while a torque of 
5 kgf • cm is ensured. In this case, even if the motor is started 
up by using only the magnets 9 without using the control poles 
10, it is possible to obtain the revolutionary numbers of 3000 
rpm but the required torque can not be ensured. 

As described above, according to the motor of the present 
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invention, conventional problems that can not solve a large load 
change by using a single motor can be dealt with only by the 
above-mentioned motor without using a transmission or the like 
and increasing an output. Further, it is possible to lessen 
change in load current generated by the load change , and to enlarge 
a range of the revolutionary numbers available and the like. 
Therefore, the motor of the present invention can be applied 
in a greatly wide range. 
(Embodiment 2) 

Next, description will be made of an inner rotor type 
brushless motor to which the present invention is applied as 
Embodiment 2 . Fig . 4 is a front sectional view showing principal 
parts of a brushless motor (hereinafter, referred simply to as 
motor) that is Embodiment 2 of the present invention. Fig. 5 
is an explanatory view schematically showing an arrangement state 
of a rotor and a stator in the brushless motor shown in Fig. 
4 . In Embodiment 2 , the same name is given to the same member 
as Embodiment 1 described above, and a detailed explanation 
thereof will be omitted. 

The motor of Embodiment 2 is constituted such that a stator 
53 fixed to a rear bracket 52, and a rotor 55 rotatably provided 
in a side of an inner surface of a stator core 54 of the stator 
53 are arranged in a front bracket 51 and a rear bracket 52. 
The front bracket 51 is made of non-magnetic materials such as 
aluminum or the like. The rear bracket 52 is made of magnetic 
materials such as iron or the like. 

The rotor 55 has a rotor core 57 formed integrally with 
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a rotor shaft 56 functioning as an output shaft , and a cylindrical 
magnetic path induction section (magnetic path forming member) 
58 formed in a right-hand side of the rotor core 57 shown in 
Fig . 4 . The rotor core 57 and the magnetic path induction section 
58 are both formed of magnetic materials such as iron or the 
like. Further, on an inner periphery of the rotor core 57, a 
plurality of magnets (permanent magnets) 59 is arranged on a 
circumferential direction thereof at a predetermined interval 
in the same pole magnetized state, for example, such that the 
N pole comes up to an outer peripheral side thereof . Furthermore , 
in the motor, a plurality of control poles 60 formed of magnetic 
materials is arranged between these magnets 59 along the 
circumferential direction thereof. 

The stator 53 is constituted such that an armature coil 
6 1 is wound around the stator core 5 4 in a three - phas e Y - connect ion 
state. In Embodiment 2, the stator core 54 is formed to have 
9 poles. Further, the stator 53 is arranged to be concentric 
with the rotor 55 inside the brackets 51 and 52, and is fastened 
to the front bracket 51 by bolts 62. The armature coil 61 is 
connected to a motor driver (a current control means) 81 by lead 
wires (not shown) . Current flows into each phase of the armature 
coil 61 in accordance with signals generated from a sensor unit 
such that a rotating magnetic field is successively formed 
between the stator 53 and the rotor 55. 

The rotor core 57 of the rotor 55 is inserted into the 
inner peripheral surface side of the stator 53. The inner 
peripheral surface of the stator 53 faces an outer peripheral 
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surface of a group of the magnets 59 and the control poles 60 
of the rotor 5 5 via an air gap . That is , with the rotor 5 5 inserted 
into a center portion of the stator 53, the group of the magnets 
59 and the control poles 60 are constituted to be rotatable inside 
the stator 53. 

In a side of the rear bracket 52 at an end surface of the 
stator 53, a field coil 63 which is wound around a bobbin made 
of non-magnetic materials such as resin or the like is provided 
so as to surround the rotor core 57. In this case, the field 
coil 63 is held by a coll bracket 64, and is fixed to the front 
bracket 51 by bolts 62 via the stator core 54. 

By the field coil 63, a closed magnetic path 4>f composed 
of the rotor core 57 the control poles 60 ^ the stator core 
54 the rear bracket 52 the magnetic path induction section 
58 is formed. Thus, an effective magnetic flux combining a 
magnetic flux conducted from the magnets 59 and a magnetic flux 
conducted from the field coil 63 affects the armature coil 61. 
Even in the motor, directions and amounts of current flowing 
in the field coil 63 are changed by a field coil control section 
82 functioning as a motor characteristic control means . Thereby , 
amounts of effective magnetic flux between the rotor 55 and the 
stator 53 change, and the motor characteristics can be properly 
controlled. 

Moreover, to the rotor 55, ring magnets 74 for detecting 
rotational positions thereof are attached. The ring magnets 
74 are magnetized to have the same number of magnetic poles as 
the magnets 59 of the rotor 55. On the other hand, in a side 
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of the front bracket 51, a sensor unit 75 using Hall elements 
Is provided at a position facing the ring magnets 74. By 
detecting magnetic pole change in each ring magnet 74 by this 
the sensor unit 75 , it is possible to detect rotational positions 
of the rotor 55 rotating together with the ring magnets 74- 
Next, description will be made of characteristics of the 
motor shown in Fig. 4 and Fig. 5. First, in the case of driving 
the motor, a driving signal is transmitted to the armature coil 
61 of the stator 53 from the motor driver 81. Then, the rotor 
55 is rotated by an interaction between a rotating magnetic field 
induced by current flowing in the armature coil 61 and a magnetic 
field induced by the group of the magnets 59 and the control 
poles 60 of the rotor 55 . In this case , positions of the rotating 
rotor 55 are hourly measured by the sensor unit 75 , and the motor 
driver 31 rotates the rotor 5 in accordance with information 
thereof . 

Even in the above-mentioned motor, by controlling the 
directions and amounts of current flowing in the field coil 63, 
the motor characteristics can be properly changed. Fig. 6 and 
Fig. 7 are diagrams showing one example of characteristics of 
the motor shown in Fig. 4 and Fig. 5. Fig. 6 shows a relation 
between motor current, number of revolution, and output. Fig. 
7 shows a relation between motor current, number of revolution, 
and torque. 

As shown in Fig . 6 and Fig . 7 , even in the motor of Embodiment 
2 , the motor characteristics can be continuously changed between 
"low-rotation and high-torque type" and "high- rotation and 
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low-torque type". In this Embodiment 2, the directions of 
current flowing in the field coil 63 are unchanged , and the amounts 
of current flowing therein are changed as "large <^ medium <^ 
small" to change the magnetic flux induced by the field coil 
63. In these figures, the expression 'large magnetic field" 
means corresponding to a magnitude of the amounts of current 
flowing in the field coil 63. 

As is seen from Fig. 6 and Fig. 7, in the case of "large 
magnetic field" , the motor of this Embodiment 2 functions as 
a low-rotation and high-torque (high output) type motor. 
Further, as the current flowing in the field coil 63 is made 
small ( "medium magnetic field" or " small magnetic field") , the 
motor characteristics thereof is changed to a high-rotation and 
low- torque (low output) type motor. Thus, even in the 
above-mentionedmotor , it is possible to obtain methods available 
for gaining of the torque by being started up in a " large magnetic 
field" state at start-up, and gaining of the torque by 
transforming a "medium magnetic field" state into a "small 
magnetic field" state after the start-up. 

For example , as shown in Fig . 6 and Fig . 7 , the motor is 
set to a state of "large magnetic field" (characteristics shown 
by the lowest line among lines indicative of the number of 
revolution) within a range from the start-up (the number of 
revolution is zero) to the predetermined number of revolution 
(e.g., 550 rpm) . By doing so, it is possible to operate the 
motor with high- torque and high-output (characteristics shown 
by the highest line among lines indicative of torque and output) . 
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Next , when the nxamber of revolution exceeds a predetermined 
value or more, a value of the current flowing in the field coil 
63 is made small, that is, is changed to medium. By doing so, 
as described in Embodiment 1, amounts of magnetic flux induced 
from the field coil 63 decrease , and magnetic force of the control 
poles 60 is weakened, and the effective magnetic flux affecting 
the armature coil 61 is reduced. Therefore, the motor 
Characteristic is shifted to the line indicative of a "medium 
magnetic field" state in Fig. 6 and Fig. 7, and thus is changed 
into a high-rotation and low-torque side. 

In an operation of "medium magnetic field" , when the motor 
reaches the predetermined number of revolution (e.g. , 650 rpm) , 
a value of the current flowing in the field coil 63 is further 
made small. By doing so, the effective magnetic flux affecting 
the armature coil 61 further decreases, and the motor 
characteristic is shifted to the line indicative of a "small 
magnetic field" state, and the motor functions as a high- rotation 
and low- torque type motor. In these figures, the motor 
characteristic is described to directly shift between the lines . 
However, of course, by gradually changing amounts of field 
current, the motor characteristics can be controlled to 
continuously change. 

Meanwhile, the motor of the present invention having the 
above-mentioned characteristics is usable as a starter motor 
for two -wheeled vehicle engine, for example. Fig. 8 is an 
explanatory view showing motor characteristics in the case where 
the above-mentioned motor has been used as a starter motor for 
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two-wheeled vehicle engine. In this case, it is assumed that 
the motor of Embodiment 1 is used. However, of course, the motor 
of Embodiment 2 may be used. 

In the two-wheeled vehicle engine, a load thereof becomes 
the maximum when exceeding a compression stroke at start-up. 
Accordingly, it is desired that the starter motor increase a 
crankshaft of engine up to as high the number of revolution as 
possible, from the motor start-up to the first exceeding thereof . 
Then, relative to the conventional motor, although the rise-up 
is satisfied in a low-rotation and high- torque type, the number 
of revolution does not increase thereafter. On the other hand, 
since the rise-up is not satisfied in a high-rotation and 
low- torque type, it is impossible to increase the number of 
revolution up to the exceeding thereof. 

In view of the above situation, if the motor according 
to the present invention is applied as the starter motor, the 
motor rises up quickly in a low-rotation and high-torque type. 
Thereafter, it is possible to achieve such a control that the 
number of revolution in a high-rotation and low-torque type is 
enhanced as much as possible. More specifically, as shown in 
Fig. 8 , first , the motor is started up in a "large magnetic field" 
state (shown by a dash and dotted line of Fig. 8). Then, the 
above state is shifted to a "medium magnetic field" state before 
the number of revolution in a low-rotation and high- torque type 
becomes a saturated state. Thereafter, when the number of 
revolution is enhanced (as shown by a solid and bold line of 
Fig. 8) in a "medium magnetic field" state and becomes a saturated 
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state, the present state is shifted to a "small magnetic field" 
state and the motor is changed into a high- rotation type (as 
shown by a dotted line of Fig. 8). 

By this, rotation of crankshaft rises up quickly by the 
high- torque type motor and, thereafter, it is possible to enhance 
the number of revolution of the crankshaft up to the maximxim 
by the high-rotation type motor. Therefore, it is possible to 
properly deal with the first exceeding of the compression stroke 
by making energy thereof maximum and to realize an ideal engine 
start-up control by a small- size motor. 

The present invention is not limited to the above-mentioned 
embodiments, and, needless to say, may be variously changed and 
modified without departing from the gist thereof. 

For example, a value of the field current described in 
Embodiment 1, or control timing of the field change described 
in Embodiment 2, or the like is only one example, and, needless 
to say, the present invention is not limited to the above examples . 
More specifically, as a condition of the field change, only the 
number of revolution but also a ratio of change in the number 
of revolution, a load torque, a switch of change, or the like 
may be used. 

Further, as one applied example of the motor that is the 
present invention in Fig. 8, there has been shown the starter 
motor for two -wheeled vehicle engine. However, an applicable 
object thereof is not limited to this starter motor . For example, 
the present invention is applicable to a blower motor used by 
change of speed thereof, an actuator for actuating a mechanism 
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at a constant rotation relative to torque change, a motor car 
such as a golf cart changing both speed and load, or a prime 
mover motor used for electric vehicles or the like. 

Industrial Applicability 

In the brushless motor of the present invention, as field 
magnetons , control poles made of magnetic materials is arranged 
and a field coil forming a closed magnetic path passing through 
the control poles is provided, between the same pole magnetized 
permanent magnets. By controlling directions and amounts of 
current flowing in the field coil, the effective magnetic flux 
is controlled to change the motor characteristics . And so , in 
the motor having the same source supply voltage and/or the same 
winding specification coil, it is possible to widely control 
the motor characteristics in accordance with directions and 
strengths of the field current by applying slightly the field 
current in the case where the motor characteristics at the field 
current of zero are made base . Therefore , one motor can be used 
as a low-rotation and high-torque type and as a high-rotation 
and low- torque type, and it is possible to achieve a motor 
miniaturization and reduction of current consumption, and to 
improve a degree of freedom in design. 

Further, since it is possible to reduce the using number 
of magnets in order to use the control poles, it is possible 
to achieve much lower costs in the case of a motor using at least 
one expensive magnet . 

Furthermore, in comparison with all -field coil type motors. 
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the motor having high efficiency can be realized, particularly, 
in small output motors , because the magnets tcike charge of amounts 
corresponding to field input thereof. 

In addition, in comparison with a technique of the 
conventional weak field, since the effective magnetic flux itself 
is changed in the present invention, there arises no problem 
of increase in losses due to iron loss at adjustment of advance 
thereof and the motor with high efficiency can be realized. 
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CLAIMS 

What is claimed Is: 

1 . A brushless motor having a stator around which an 
armature coil is wound; a rotor rot at ably arranged in one of 
an inside and an outside of said stator ; a rotor position detecting 
means for detecting a position of said rotor ; and a current control 
means for making a current flowing into said armature coil such 
that a rotating magnetic field is formed between said armature 
coil and said rotor in accordance with a detected result of said 
rotor position detecting means , the brushless motor comprising : 

a field magneton including a plurality of permanent magnets 
provided in said rotor and magnetized at the same pole, and a 
plurality of control poles made of a magnetic material and 
arranged between said permanent magnets; 

a field coil forming a closed magnetic path passing through 
said control poles; and 

a motor characteristic control means for changing a motor 
characteristic by controlling at least one of a direction and 
an amount of current flowing into said field coil, by changing 
amagnetic flux that saidf ield coil generates , and by controlling 
an effective magnetic flux affected between said rotor and said 
stator. 

2 . A brushless motor having a stator constituted such that 
an armature coil is wound around a stator core having a gap at 
a central portion thereof; a rotor made of a magnetic material 
and including a bottomed cylindrical yoke rotatably arranged 
outside said stator; a rotor position detecting means for 
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detecting a position of said rotor; and a current control means 
for making a current flowing into said armature coil such that 
a rotating magnetic field is formed between said armature coil 
and said rotor in accordance with a detected result of said rotor 
position detecting means, the brushless motor comprising: 

a f ieldmagneton including a plurality of permanent magnets 
provided in said rotor and magnetized at the same pole, and a 
plurality of control poles made of a magnetic material and 
arranged between said permanent magnets; 

a boss rotor made of a magnetic material, provided at the 
central portion of said rotor to project along an axial direction 
thereof , and arranged in said gap of said stator so as to have 
an air gap between said stator and the boss rotor; 

a field coil arranged in said stator so as to face a bottom 
portion of said yoke in a state of being wound in a surrounding 
direction of said boss rotor, and forming a closed magnetic path 
passing through said boss rotor, said yoke, said control poles 
and said stator core; and 

a motor characteristic control means for changing a motor 
characteristic by controlling at least one of a direction and 
an amount of current flowing into said field coil, by changing 
amagnetic flux that said field coil generates , and by controlling 
an effective magnetic flux affected between said rotor and said 
stator. 

3. A brushless motor having a stator including a stator 
core around which an armature coil is wound, and a bracket which 
holds said stator core and is made of a magnetic material; a 
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rotor made of a magnetic material and including a rotor core 
rotatably arranged inside said stator; a rotor position detecting 
means for detecting aposition of said rotor; and a current control 
means for making a current flowing into said armature coil such 
that a rotating magnetic field is formed between said armature 
coil and said rotor in accordance with a detected result of said 
rotor position detecting means , the brushless motor comprising: 

af ield magnet on including a plurality of permanent magnets 
provided in said rotor and magnetized at the same pole, and a 
plurality of control poles made of a magnetic material and 
arranged between said permanent magnets; 

a magnetic path forming member made of a magnetic material , 
projected from said rotor core along a diametrical direction 
thereof, and arranged so as to have an air gap in the space of 
the stator with a gap between the stator and the magnetic path 
forming member; 

a field coil arranged in a side of said stator in a state 
of being wound in a surrounding direction of said rotor core, 
and forming a closed magnetic path passing through said rotor 
core, said control poles, said stator core, said bracket and 
said magnetic path forming member; and 

a motor characteristic control means for changing a motor 
characteristic by controlling at least one of a direction and 
an amount of current flowing into said field coil, by changing 
a magnetic flux that said field coil generates , and by controlling 
an effective magnetic flux affected between said rotor and said 
stator. 
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SUMMARY 

The present invention has a stator 3 around which an armature 
coil 11 is wound, a rotor 5 rot at ably arranged inside or outside 
the stator 3, ring magnets 24 and a sensor unit 25 for detecting 
positions of the rotor, a motor driver 31 for controlling current 
flowing into the armature coil 11 such that a rotating magnetic 
field is formed in accordance with rotating positions of the 
rotator . The rotator 5 has a f ieldmagneton including a plurality 
of permanent magnets 9 magnetized at the same pole , and a plurality 
of control poles 10 made of a magnetic material and arranged 
between the permanent magnets 9 . Further, af ieldcoil 13 forming 
a closed magnetic path passing through the control poles 10 is 
provided in a side of the stator 3. By controlling directions 
and amounts of current flowing into the field coil 13, motor 
characteristics are controlled without reducing motor 
efficiency thereof. 
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1 1.S6. 
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Burden Hour Statement: This form is estimated to (alee 0.4 iiours to complete. Time will vary depending upon the needs of the individual case. Any comments on the 
amiwm of time you are required to complete this form should be sent to the Chief Information OfTicer. Patent and Trademark Office, Washington. DC 2023 1 . DO NOT 
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner of Patents and Trademarks. Washington. DC 2023 1 . 



Under the Paperwork Reduction Act of 1995. no persons 



' ' * PTO.SB/106 (&-96* 

Approved for use through 9/30/98 0MB 0651 -0032 
Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE 
are required to respond to a collection of information unless it displays a valid OMB control number. 



Japanese Language Declaration 



-.Km&nm 3 5 *i i 1 9 ^ (a) - (d) 3 6 5^ 

(b) JSii;i£^TicO. >c m^J.^<Dm<D'pts:< t t. — *PI?r^g 
■^LX\^c>'FfTFf&7J^'*1 3 6 5 (a) iglcST < SS^tiiS. X 

TIC. frif*=I§r-^-^To-i:":-. ntLTv^Si-. 



Prior Foreign Application(s) 

11-11 ?Rfi4 

(Number) 



Japan 



(Country) 



1:3 



(Number) 



(Country) 



(Application No.) 
(fHJS#-§-) 



(Filing Date) 
(adJBB) 



yfc. :*:aiJSw«-li*Eiacot^$*5JfeS&^fl3 5 IB 1 1 2* 



(Application No.) 
(ffiJS#-§-) 



(Application No.) 
(!±5JSS-f3^) 



(Filing Date) 
(tiilSB) 



(Filing Date) 
(aHHB) 



I hereby claim foreign priority under Title 35, United States Code. 
Section 119 (a)-{d) or 365(b) of any foreign application(s) for patent 
or inventor's certificate, or 365(a) of any PCT International 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box. any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
tiefore that of the application on which priority is claimed. 

Priority Not Claimed 

20/April/1999 

(Day/Month/Year Filed) 



(Day/Month/Year Filed) 



i hereby claim the benefit under Title 35. United States Code. 
Section 119(e) of any United States provisional application(s) listed 



(Application No.) 
(aiS#^) 



(Filing Date) 
(ffiHH) 



I hmby claim the benefit under Title 35. United States Code. 
Section 120 of any United States application(s), or 365(c) of any 
PCT international application designating the United States, listed 
below and. insofar as the subject matter of each of the claims of 
this application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first 
paragraph of Title 35, United States .Code Section 112. I 
acknowledge the duty to disclose infomiatian which is material to 
patentability as defined in Title 37, Code of Federal Regulations. 
Section 1.S6 which became available between the filing date of the 
prior application and the national or PCT International filing date of 
application. 

(Status: Patented. Pending. Abandoned) 

(Status: Patented. Pending, Abandoned) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
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r\|jfMuveu iu< uKuuyn wo>j/9c umo i.x>3i -U(JJ2 
Patent and Tra<len»ark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Papenwrk Reduction Act of 1995. no perse ns are required to respond to a collection of information unle ss it displays a valid OMB control numt>er. 

Japanese Language Declaration 



POWER OF ATTORNEY: As a named inventor, I hereby appoint 
the following attorney(s) and/or agent(s) to prosecute this 
application and transact all business in the Patent and Trademark 
Office connected therewith (list name and registration number) 



Send Correspondence tc 

DONALD 

PAULDING, Reg ^ 

22..265_- FREDERICK J. HAESCHE, Reg. mr-^AJOS"- JOHN 

C. LINDERMAN, Reg. No_24^_420 - J. KEVIN GROGAN, Reg. 
No,_aL,,££l_- JOSEPH S.^M^IO, Reg. Noj-i3.Jfi9 - F 
TYLER MORRISON III, Reg. No_i6j220 - MARK D.^ 
GIARRATANA, Reg. No. ^, 615 ^ ^SKRD R. MICHAUD, Reg 
No_40,X88,- PAUL J. lERNER, Reg. No_2iL654, all of 
the firm of McCORMICK, PAULDING & HUBER LLP, CityPl, 
II, 185 Asylum Street, Hartford, Connecticut 06103- 
4102, telephone (860) 549-5290. 




Direct Telephone Calls to: (name andteleph^e number) 



donald k. huber 
Mccormick, pauldins & 
CityPlace II 
185 Asylum Street 
Hartford, CT 06103-4 
(860) 549-5290 



Full name of sole or first inventor 



M591-1, \)a2a-hanageishi, Miyagi-mug g'/'e^ge 



3r^ signature / / / 



Citizenship 

Japanese 



7^ 



® Post Office Address 

c/o MTTSUBA Corporation of 2681, Hirosawacho 1-chome, KiEyu-shi^ Gunma 

376-8555, Japan 



Full name of second joint inventor, if any 
NOZUE, Yutaka 



Second inventor's signature 



October 1 




Post Office Address 

c/o MITSUBA Corporation of 2681, Hirosawacho l-chome, Kiryu-shi, Gunma 



376-8555, Japan 



i- J.:i^cDft|ll%I5i#fCOV ^T t>.^1^IC^« L - 5^ (Supply similar infonmtion and signature for third and subsequent 

^ ^ joint inventors.) 
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